Arginine-vasopressin and
It is well established that the posterior pituitary hormones, vasopressin (VP) and oxytocin (OXT), are synthesized in magnocells of the hypothalamic paraventricular and supraoptic nuclei, transported in the axons to the posterior lobe of the pituitary and released there into the systemic circulation to reach the target organs. The major physiological roles of VP have been known to regulate water balance in animals (antidiuretic action) and to contract arterioles (vasopressor action), and those of OXT to contract the uterus (oxytocic action) and to stimulate milk ejection in the lactating mammary gland.
Recently, these neurohypophyseal hormones have been shown to be distributed not only in the hypothalamohypophyseal system but widely in the central nervous system (Buijs, 1978; Buijs et al., 1978; Sofroniew and Weindl, 1978; Sofroniew and Weindl, 1978) , and the suprachiasmatic nucleus was demonstrated to contain VP and its carrier protein, neurophysin (Swaab et al., 1975; Vandesande et al., 1975) . The demonstration of VP in parvocellular neurons strongly suggested a neurosecretory role for this nucleus. Furthermore, there is some evidence showing that VP is involved in the brain function, i.e. the mechanism of memory (De Wied, 1965; De Wied, 1971) , circadian rhythm in behavior (Rusak and Zucker, 1975; Stedson and Watson-Whitmyre, 1976; Zimmerman and Robinson, 1976) and regulatory mechanism of intracranial pressure (Noto et al., 1978; Noto et al., 1979) etc. However, as to OXT there is little evidence indicating its involvement in the brain function although the histochemical studies proved its occurrence in various parts of the central nervous system. Therefore, more detailed studies on the distribution of VP and OXT are needed to elucidate their physiological roles in the central nervous system. This paper reports the determination of arginine-vasopressin (AVP) and OXT in a biological sample by radioimmunoassay using specific rabbit antisera to these hormones and data on their distribution in rat brain are presented. Distribution of AVP and OXT in rat brain Table 1 shows distribution of AVP and OXT in rat brain.
The highest concentrations of the hormones were detected in posterior pituitary and the higher ones in median eminence, supraoptic nucleus, paraventricular nucleus and suprachiasmatic nucleus.
Relatively high concentrations of the hormones, especially OXT, were observed in spinal cord.
Amygdala, hippocampus, thalamus, limbic forebrain as well as pineal body contained a considerable amount of AVP while a tolerable amount of OXT was detected in amygdala, limbic forebrain, midbrain, pons and medulla oblongata and pineal body. Low concentrations of the hormones were also found in cerebral cortex and cerebellum.
Discussion
Since evidence for a physiological role of VP in the process of storage and retrieval of information in rat brain was provided (De Wied, 1965; De Wied, 1971) , the attention of investigators, especially neurochemists, neuroendocrinologists and neuroanatomists, has been focussed on the distributions of VP as well as OXT within the central nervous system. Although immunohistochemical localizatin studies (Buijs, 1978; Buijs et al., 1978; Sofroniew and Weindl, 1978; Sofroniew and Weindl, 1978) revealed that VP and OXT containing fibers spread out from the synthesizing nuclei in the hypothalamus to extrahypothalamic regions including the septum, amygdala and hippocampus, which are thought to be important areas to the memory mechanism, earlier attempts to measure VP in the limbic system and brain stem were unsuccessful either because of insufficient sensitivity of the radioimmunoassays or inadequate procedures used in extracting the hormone from the tissue sample. In 1978, Dogterom et al. (Dogterom et al., 1978) determined the VP and OXT concentrations of several extrahypothalamic regions in which VP and OXT containing fibers had been visualized by immunohistochemistry, and reported that VP was detected in the hypothalamus, amygdala, septum, hippocampus, nucleus parafascicularis and medulla oblongata and OXT in the hypothalamus, septum and nucleus parafascicularis in lower amounts than VP but in higher amounts in the medulla oblongata of Wistar rats. Furthemore, recent immunohistochemical studies (Sofroniew, 1980; Buijs, 1980) on projections from VP, OXT and neurophysin neurons to neural targets demonstrated that neural target areas were found in portions of the limbic system, diencephalon, mesencephalon, brain stem and spinal cord and axosomatic as well as axodendritic contacts were detected in the neural target areas. The present study is the first systematic measurement of AVP and OXT in defined regions of the central nervous system of rats and confirmed the immunohistochemical observations about VP and OXT in the intra-and extrahypothalamic portions.
An interesting finding is that the amount of OXT is higher than AVP in the caudal parts of the central nervous system, i.e. midbrain, pons and medulla oblongata and spinal cord. The immunohistochemical study (Sofroniew, 1980) revealed that oxytocinergic fibers from paraventricular nucleus present in lamina I-III of the dorsal horn along the entire length of the spinal cord from cervical through coccygeal levels and at thoracic and upper lumbal levels pass to the sympathetic intermediolateral nucleus. Therefore, oxytocinergic fibers from the paraventricular nucleus might be involved in modification of some sensory and sympathetic functions.
Another interesting finding is the occurrence of AVP in the pineal body as well as the suprachiasmatic nucleus because the content of melatonin and serotonin and the activities of their related enzymes in the former tissue were proved to change diurnally (Quay, 1963; Klein and Weller, 1970; Axelrod, 1974) and a biological clock is thought to be located in the latter nucleus (Stedson and Watson-Whitmyer, 1976 ).
Therefore, the vasopressinergic fibers from suprachiasmatic nucleus might project to the pineal body. The present data on the occurrence of OXT in the suprachiasmatic nucleus are contrary to those obtained in the immunohistochemical observations (Buijs, 1978; Vandesande et al., 1975) . We examined OXT neurons in the suprachiasmatic nucleus immunohistochemically using our antiserum to OXT and proved that terminallike staining was detected in the surroundings but no OXT neurons in the nucleus.
Recently, monoamine metabolism of the septum, nucleus parafascicularis and nucleus tractus solitarii, where the neuropeptides are abundant, was reported to accelerate upon intracranial applications of VP (Kovacs et al., 1977; Tanaka et al., 1977; Versteeg et al., 1976) . Therefore, more detailed distributions of VP and OXT in well defined regions of the central nervous system under different conditions and the effects of the neuropeptides on metabolism of the brain monoamines promise to clarify the physiological roles of VP and OXT in behavioral, neuroendocrine and autonomic processes.
